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• .·-
l 
• • 
-
• 
• 
• • 
--
- J 
· :._~-~ was_ &<muster who developed the per,1o·c1ogram ... method. .of a.;. 
. 
' 
.nalys.is to find hildten pe~1oa·• that· JJ1ight- be in c9ntinuou~-
. .. 
~ . - .. . -- . 
; ' . 
, curves· ·,;-epresenting meteorolog_ic~l or ·e·conomic. df\t~. · . it is 
. 
, . 
. . 
. , 
l;,.e11ev~d . that G·. I~ Tayl~r · was the . d~velop·e:r :·_Q_f t~ · corral~· 
' ,. 
. 
. ' . . 
t1on. tunot.1on which is 1mpor~ant, tn the· ·~alyeis -of st~t1s-
;' · .. 
' . . -
I ... '. 
tloal data •. A brief h!"story.. ot the d~v,elopment ot_ this ·rorm. 
r • I 
of. , analysis wo~ld not approach completenes·s lfi th~ut men.tion-· . 
~ •, -
~ng B~ernoull1, . Euler i- · ~gr~ge, and- Fqurfer. 
... In Generalized Harnion1o·Analysis, we a:re 1nter~~ted 
' . -
' 
•• -41i'. • 
·in the s:que.re. roQt 1 tl~f. the v:olume under -the output Power Spec-· 
' .· . . . 
. . 
. 
. ~tral J?en.~1ty _surf'aoe; this value ·.is .·a stat1St1~al prope~_ty of . 
' 
. 
. . ,· 
· the random loading. I1; ',.s m,.al.ogous to·the e:l'teot1v~ our-
- rent in an A,c:. ~ircui~ .... ~or many: years· .. ·thi·s: m~thod has 
•. 1.. . . . . • . . ':,, 
. .. • .... I . . ·. .. . 
. 1,,· 
, , . \ :; been used--to s:tuay random niot~ions -SU~ a-s; Brownian motion ot 
) . ..... . 
. -.'."' ."'; . ... '" 
. 
•· ::--. . . . . ' . . . . :· . ·. ... 
. . . ... .
 1 ' . 
·: · , ·:partibles .m0"!1ng · in- a_ fluid·,. electric· no1se:~ :~~_.-oe.e..an waves .v . 
.:· .. . . . -~ . ·_·!-;..:.,..-~ -~~-- --·-- - .· -~···. __ f . ., - . . . ,. ~. . 
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. . . . ~ fz:1i) (V.(,)), + (i)2"(Vk:) :J . . . (4la) 
Factoring(J:o-2-)imd (/1.:t,zf from the 'denominatpr of equations. · 
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8. Determination of the Output at any Boint other-than.;the 
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· Only . to ~si,ational motion in the 1 directfon 8.nd a conStan..t. 
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Dia plac emen:t = , Fo.1 ;iw:/ lF IA!iR. ;K~ r:z. .·· + v (I(, J<;_ J ii. · 
.D (·:~ '. 
1
..,:- )· ~- ,.,_; .. i w.r ~- . : . . ~- :_·; ·. .., .. ;. . 
· · r\·., .. Y2,; ro .-. - · · 
.... ·r;.1r~·w:r. · (IR /2"·,2.+/!e-/~ ,.-,~ ) "'· + ~2 JG-1~..e. ... .;l~. 
) . ;· ' .· . .. :• 
. (/"",;/"+/ otK.j K~J, == V IBJ 2 il·"'-or~ .·.· .. -t- . /c;.I'~ .. ·-(1)3 r1~--ta ;) .·.·.·.·. ·· 
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in ter!Ds o.t a general equation is ~ot practi.cal; 1t is much_ 
easier to compute the d1spla°"e~ent P'requency Respo!JSe Function 
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tor· each value o~ K,JK,. and~.~21~ • The c.omplex form ot the. re-
sponse function is ·g1.:ven by .-
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The phase and magnitude tor the first factor ean be plotted 
• • • ~ q,_ 
as shown 1n· tigul'es (1.5) and (1~ ot appendix II. The tactor 
:~' -, (1 +...c.iK,1ias an abBolute value o-rJ~cos~1 ; 'the magnitude and the. 
·!ph~se _of thi'a factor 'O&n' be represented graphically as,' •· poln.t · 
·' • l 
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on a circle ( figure l~) • We can also represent the: .function 
Q:... .e-::..,;1<,o..) orl.a .Circle. Fr~ FigtirellO), it is seen thaf the 
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·l"l'OJD. iigure (lQ) it is seen that the phas.e ~e of the faCtor 
(t +:,(K.~ varies rr'om OO to ~90° .~ then from 9i/> to o0 while ~~. ·.· 
·; {, -ttK.<lJ varies froR·:.J.90° tO -90 °. :trf K, ~ fa · repi:ace~ by K~ •. 
we have the variation of. the phase angle and the magnitude Of· 
· t,he term 'ooncie~ng the w1dt.h,~. · The magnitude of equation(SJ.) 
1s giyen by. equation (41a).· :•·: 
. The phase angle ~ of equation. ( 50) is equal to ( - ~ - ·~ · . 
+~) , in degrees, where ~ Is the phase i.ng1e of the lf!unction , 
given by equation{:,6); it o'an b~·llete:t'D11n$4 fr~ plots~ ·ot the 
.. ' . . 
·· ty:pe 'found 1n _figures (15) and {16} The whole operation can be 
expressed gr1phical1y·. 1:f' we first. draw a circi_e., -baving:· :a_.,_ :· 
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~iameter equal to ·t:ne magn1 tude of equa t1on {4~a) wlth ·it(,.(=K:JJ ... _o:.·: ,. 1 
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· ~e Q.]'); and at. point 'P1} draw a cfl•~le lJ.aY1~ a diameter equal. 
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We eould have considered a sphere· having- a unit·._ 4·1a- · 
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meter; then considering the plane determi-ned by _P'~O-P 1 p 
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as a reference plane~ we could have .passed another plane through 
. 
...,r .. . ' - -
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,{·· total response tun.ctiOri ls equal,. to el°' ' _ times th~ diameter 
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_ obt_ain8d by firSt m:~ -1eV81 s~e;s _of v~ious"'firport run- _ ·- · 
, ways and then colllputing the Power Spectral Densitf Ouyie for · · 
. -- . . ' 
each ru!l~ay·. ~e maximum :rrequency ·-.t whtch _ a . value ot the · 
Power Spectral Density Function ··can be obtained is determined 
. by the~ng at .which th~· eieyations are recorded. In ref-· 
er8nce (2~. the spacing is to~ f'eet; . and as a result,\the max-
. -
imu.m frequency a.t which ~ · v~iue· .·o·an be·_ obtained 1~ 3fz radians . 
. per second. . For most of the :runways considered,. two parallel 
.• . . . 
. . . . ... ,,•,_, . . . .. - :Ji"_~ . . . _,., -i;, 
:;ines were sur.V'eyld. and· ~he res'4t·s ·1nd:roat~: \:bat: ·t~e :rough~--
,: . ~ 
ness 1s -~he same along parallel :line$.: ,or ·this .. reason, ··the\ 
\ ' . .,; 
mo·t1on of a plane on a runway Jl'.l&Y be conslq.ered as_. _a. one -~1-.·. . ~. 
·•.· 
~Efnsic,nal problem. lt: sh_ou·ld ~e·_: noted th$.t- the· e:xpansi.on- ~'. .. :•; . :_ ... ·'_; ·.~ .. 
. \ 
) 
.. 
' .~ ' i 
" .. 
, 
" 
.. 
. -_,• -:·;_,."1, . . ' . ... ~ 
.:.1"'' .... ,,,,;;;~J. 
. 
.• , 
·and. contract~on :,to:int,s :~n ·runway pavements have nothing t.o: q:o. · 
w1 th the var,-_~_tion· of: the,. -runway ·elevation from one point to .: ··. · 
""' _: • ' ~ • #. ...... '." • 
.. ,~ ···-·· 
-another; and as a· result, these joints do not affect the Pow--
er Spectr~l ·Den~l.ty Funeti_ott_. 
. . . 
If these cracks have any ettect 
at: all.,_ .ft'. ls ·as ·a. series of equally spaced impulses-._·. 
In.-, mos·:t 1:t': not all. p1ota·, ihe.- ;E>ow.er· Spe.c.tral Density 
•: - . 
.. . 
.. 
·-k, .J, • ... \' 
rather, the data .is f.irs_·t .$ubJe.c~~d to ··.a· .prewhi tening. proc.es_s_ • 
. - -- • It ) 
· Th~ Power _Spect-ral -Density li'unct1on which has been dete·rm.1ned 
~ 
from the pr.ewh-1tjn.ed data is then divided by a func.tion whi~h 
comp~nsates f'or the pr~1ten1Dg •.. · ·_ · , / ---_._ · ... 
:c·-· ·_o··RRE~ -c·· ·T·I· ·.o·· N. : ·-r·AcTOR /.-F/ ~ )/-~ ·2.( l-.. ~-:o.5.~£tts_=.···-x }· · c · ·)·, u '- ref • · ·2:'J , · 
~----·-· .... 
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· Since this function goes to· ze:rcf .. :~sA-~- o. , the· -P9we,r · . -; 
value ot..Q. goes to:~ze:vo~ · The fact th.at the- P.S.D. curve 
. . . . . 
goes to 1nf1n1 ty does not mak:8 a~- dif'f'erence 1!'._ the ~'1rV'e: '"· . 
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is used fOr" the purpose originally<' intel\Aed·1 Wh:-1eh W&B, .. -.tO- oom-
.. 
I • 
. " ( .. ---..... . . . 
p~ the roughness of difter.ent J'U?lWays. for .this purp9se, 
the Root Mean Square value of the function can be a.etermined 
between·two arbitrarily chosen trequenctee. ( 
The curves given in the refel:'ence mentioned above hare 
. 
. 
·thft .s~e~· general sh~pe a?ld they can .. be approximated by equation 
.,~ {$2lin' th·e: 'range·. for which. d$,ta. ls ~;ailablle. 
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The constants}~~~'(, .i,·: '~-- ,'u.·· ..  :.. s.~.· .~O pa~·s· .·~h.~: ~urv:e thrOUEW ...•. two ar-
' .. , .. ,.,, 
. ...-~ 
•.... , , ..... · 
bitrary-' p~ints,with th$'ooJiste.nt t a1so !i$t,8riiillll!lg'th8 ourva-······ ..... 
ture ·• FQr mos_t·~ of ~!)..e .\q~es 'I .ca.z.i b·.e · s:et· equal to ".zero with-
. out ~nciucl~··· too· ·great ·an·' ~rror· .• 
. 
. 
., . t"tl the· iwo -:diil;le:n~lona.l ·problem. ·wh.fch. ,:1s· ··Of. interes~ t9 ... 
',• 
;:,;; :~·~ ~· W~ :•~st. know how the .. Power ·Sp.e.ctra.1 · :Dens·ity function va:r-. 
.. ·ies. ·wit~ ~espect to . J<, and }<z. The que·st·10~ arises whether 
,,c... 
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:nt was. mentioned above· th$.t ·the .·,·:.S~D. c~es -indicate 
that: {j) approaches· 1nf'1~1"ty as . .n.... :goes to zero..- '!his oan ~ 
·have no phfsical meaning since·· 1r the Power Spectral Density 
Function gi yen· by f1gure (13) were used · ln conjunction with e- . 
. . . . . I 
quat1on-(2oi the. _Mean Square .. of the output would_ be inf_inite·. 
Anotbar way to see that. an infinite 11alue of P .s .D·. ·has no 
physical meaning 1s to consider the tact that the wav:elength 
.,.,, ...... ' 
at lfhioh the infinite value of' P.S.D. occurs ls. ·infinite and 
9 • • .~ • • ' • - • 
I 
- -·~ 
- as a result tlie .veh1c1e Wn-1. ·act e;s · if 1t -were- a ~t ~1'JS · · 
:ov:·er a very· gently '1.arying terrain • 
Since there 1s· a· maximum wavelength. that . Cari· .:P~: ·:expe¢t~-; .. 
. • 
13:~,to excite motion (!f the vehiol~, it ·appears that the eleva---
:t"fon data shou1d be subjected to ~ slidin-g scale be:rore. the . 
.·. ..1; 
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P·ower Spectral DenB01ty Fu.net-ion is dete~jned. This is reter-
, ' 
. -
. ·---_· -. ·-~·~:...:::·:..... __ ·· r-ed to as· prewh~~"'in~"Tef-ltr~.--···-·-~~-e-1-~est ~~~~~-~-..:...,::j 
. '. 
. . 
· ·that should be · _considered depends- ·to .·some'\ ex:beiit _o~ the v~c1t~ ., · 
·, . -~ 
•• l' 
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· 1!1t.b .~ the-~Veh1cl~ Dlov'$s. A sliding aca1e that can be. 
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. L. I 
.. 
••.1 ._-. 
·.~ ..-_-:_ .. 
used is th.e. average elevation.: ot the- eurtat)e tor 150 feet 
around the point in question.. l-t t.he point of .v.lew presented 
. ~ 
. 
.._ '. 
above is u~ed, ·a possible shape for the Power_ Spectral Den-. 
si~y Function is given by-t1gure(14) 1('1 
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:T}Je- ·v~tu•: of:'~--pi1 being ·arrived ·~t by_ ·as·s~~rig :~lla:t-the Power 
·. . 
~ .. 
.. Speotral .Density- Fun~tion is zero tor wta;v,1engths longer·than 
· Joo feet. The v~lue % rad./r~. is take?l as the upper limit 
:S:inoe this is the gr_~at:es~ frequency which was consi~ered in 
. ~ 
,·,: ._;:·.,. :-.11_ ·. nieaeurentents that have. l:>~en me.de ot Power Speotra1 Density 
,.:ot._ -~nwayst The e:,cact· ·value ·ot .. Mo· 1s · minece~sary as long as 
. 
. 
.. :~.e--'.:~e consi~-e.rin.g -~nly min~miz~t1on·problems·-.-·-·· ·nt 1e impor ·-. 
; 
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,·t.ant 'if the. ·:ID_~gn.itude of· .:_th, Root Measn Square Value of the 
.. •······· 
.. . 
. output :1s desired-=. As. long as.Ao is considered to be a oon-
,stant., the. important' values .are .the points. at wliion the tune~ 
. ~----· - . ' . ' .. : .... ·. . . :·· 
f 
r 
__ t' 
. J . . . 
· _ . . · ti~~. b~comeS zero. kl though ~ .rad ./ft. ~~. to be a· small 
· ------"-----~:--------~:trequenc-y,-~ it. is- ~qu1v.alent· ·::to· a-_ .oireular :trequ~cy °'alue K, tl ~ . . . ,,,,. 
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·ot f,9 torV equal· to 44 teet per se~on~; anci this.- 1s.: not.- srtta11· 
. ~ . . ' . . •· 
\. ··. wh~n oompa.re~ f.0 th$ _~alues of l<,V given 1n figurss (.15~ (16}, 
and (17) (appendix II).. · 
/ 10. "ar1at1-on of th@ ~Frequency Respon~e Function witb , ,. 
gert;ain Parameters I 
... Ih the ~rt1ole ·.that . follo:ws, the properties of the l're-
, 
~ ' . . ·, . . 
:queilcJ Respons:e· Functions, given in figures: (l~~ (16) an~7), will, 
. ,. : ., 
be discussed Wi.thout drawing any· conclusion~ --a~ to hOW th88$ 
/ 
properties should be used. / t. ".' . 
. . 
~ Figtires (15), and(J.6J 
Figure \15) contains --the p1ot . of:· :t·he- ··rrequen.cy ---~sl,'o;nse: 
:_'.~c:t1~n 1n··-heave fo~ y.ar1ous ·vaiues: of-~ ,while figure (16)" · .. 
. · . . 
1s .the· .same p_lot tor- var"io.us valu,s . of ~ ·• T.he same :curves 
. . 
. , 
w}'J.1ch s1ve the re·spons~ 1n heave can ~e used to. study the ~11:9st · ·.-
. ~ of equations (42b) a.nd (43b) by .·replacing; . ' by~~~ ol',(~ 
In this .oase., ti·gura·(15) would give. the variation -or the re-
~pons_e. with respect t.o .th~ ·~ottient. crt inertia •. 
~ .:,. Oonsidering the equatlon -·which· gi,tes the phase angle 
/- . '"" 
J),t: the response, we not·j.ce two "points in which (t--- differs -
·/ - ' 
tr.om- ·the equat:ion for. the phase angle of "theifiagn1f1cat1on 
. .· fS.c,tpr. found in most elementary vil)ration texts:_ 1) the ph~ 
· .. -----·- =:·::_a-n.gla :do~s ·not pa.es. _throu~ -90° ·at the natur¢i .trequfJncy ot . 
. . \ .. 
·th:e .-_syst.f$ ... an.a this is due to the. :t'act that ·the load '-1s _applied· 
. . . 
to -~he ::sy_s:te111 thrcnigh a s1:rr1ng ·and damper; 2) -tor ii.' v~;i.ue ot f 
r;; I . .... . · .. 
.f_ ,?f M. the maxim~ phase shift becomes, .. 90° and not ..:1ao0 • 
:.le '1-.k . . . - , . '!• : 
·. . . -
·rd' we defi~e _ _,, C~ as the .. ·critical d~~~ng. o_t the system _In~··----------·;. 
- . - -·- . . ·.. .~ .. 
pure heave, then-:B1_nce there·: are. four -springs: an<l dampers , 
. ~ . ' ,, . .. - ' .. . 
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When we substitute this int·o_·: . . 
.. ·,, ?. ::. . '. ,,,,,)e . 
. '--· - If, • Q· - r . . 
;. 
··'-' 
·we··get or -,c -~ e:r .. 
9' 
Thus, it _.the_ .damping_ is greater the one~eighth the critical 
. . -~, 
' 
. dampitig de.fin~d above, the 'maximum phase shift- Will .be- -90°·. 
.·,,· .. 
·.: 
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Return.1~3. now to a oone1derat1on of "the magnitudes ,;.r 
the resp.enses given by "fi·gures (15)_e.nd(l6), '.-we. a:ee ~hat.· verying 
" 
. 
, 
the 11. J:'Qt-io . does not Q8.UBe a. large cliange lri a.lllplitude· QUt 
does effect the: _pos:1 tion_, . 1~ frequ_enc·y, Qt , tl;le :JDax·iDnlm response,. 
causing it to move to a lower frequencr .a1;1 the #;J:. r~tio is · ·· · 
increase~. rt shouid be noted' that With in:c~~as·ing ~- ratio 
•.::.·.,-.:·~~:.. .. 
:the: magnitude of th~ response, tunc:tiori dec.re.as·es at a faster 
·r'ate ~1th increasing· treq~~ncy. lfbw· f1gure.(16rind1cates. that 
it is · the smaner ra.t.ios of (>it) that ca.use th8 · faster rate. 
.cff aecrease o't -response. magnitude w1 th increasing frequency. 
;The rate ot de¢r~ase ln respo~e function magnitude is or. grea.t 
• 
:· interest when_ the· aoceleratio~ o.t a -point 1.s being cons~dered. 
Although tile larger ratio~ ct! · ·~. ~id. not ~eatly a~fect, 
· the Jllaximµm response magnitude, th~ varle.tj.on of{~ greatl;,, · 
.. 
' 1-ntluenoes· this m.agni tuae·: •. 
. :: 
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. , : .Figµre 17 
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against frequen~y · K, V tor ~ ::- .0175 with various (~); 
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. ,. 
. 
,.., 
. 
. 
ratios arid forJ· =. "".~ois-wi th ·vax;ious 7'f .· r'-tios. . Her8 wi' Can . 
'. ·14 . 
. el&ia.rly see the effect of large :ij...f ratios. and slllanf ratio13: 
- - . 
... ,.... ' 
······ro~-these··.eonditi.ons , the. ·respons~ .tunc.t~on magnitude -remains - .. /:_ ~'. 
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. -The pun,ose of this thesis 1$ to determine: it a vel11-. _ 
. - . . 
. ' .., .... 
. . ~ '. . ~ 
.... _ .. ·"Qa.,~ .. Can'.., be .. designed to give minimum respons.e. to the ioaa·d 
. -~O~d O?l it whil~ moving ~er a random terrain •. Jlt can 
. 
. . 
. .. 
. 
. 
· safely be stated that the ·vehicle mot.ion and acce!eratio:g. 1n 
. - .- . 
. • -· ' i . 
the modes of ~eave, pitch, and roll can not·. all be minimized 
.. . 
at the same· time tor thre~ ·m$in· reasons. 1) The effect ot 
length on the response is not the same for·all the.modes; : . y . 
· in heave, the length er~:.°; is given· by /cos K! ~ / whii8, in 
pitch it 1s given by/ .s '~: ~ f. _2) The second <:ractOr· 1:s the 
· speed w1 th which.· the· vehicle moves. For instance, 1n the 
·i· 
. i . 
.... 
case ~t linear motion and rotat1ona1 .motion, it determines ._th~,. 
1·:: 
. ' 
'value of I<,. at which the response function· has its m~ximum 
value. In the case ot acceleration, ~t. is obvious from the 
.. ., .. 
-:-.·· .. 
f'~1'it of equat1on(~}that .the maximum value at whi •. ·th~ -Power 
-'S.pectral Density ;Function is n.ot_.- ~er~- ~s- the ·:p~in.:t, ~t which 
1ihe·maximum r~SPQnse will occur. 
('53·) 
is. the shape· ·of the Power Spectral Dens1 ty Surface( confer · . 
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f(;;values ff'f.he P .s~. Finicti_on ,are St:111,t'airl,- large; r-1 · 
as a _ result 1 t is advJntageous to. make the function containing 
,. : -
_the-length effect zre.o at this value of R, • · On the· other . 
bane\·, -1~. the oase of acceleration., th_e value ot .. Kz. is BJ.most 
z·ero·:·at the point· of m~Ximum response· ·and the' volume ·under the 
. ' . ,' . -~-.,· . . -~ . 
:; surface is mcist likely' neg11g1b1e in. the region about .f{, =- 11/z. • 
,.-1,• 
-
Thus we may · ga-in not~ing by setting. the function contai~ng 
~ ") . . 
the length effect· equal to zero at this P(!)int. 
1he above concerned ·itself only w1~h o~tputs at the ·mass 
cent~r; now 1( we consider the motion of another po1nt, we must 
. . ... ' . ~ :--· 
also consider how the loca~ion o~ the point will etfect·-tne 
response function. This is due to. the fact that the· rotatiO?J.• 
al motion of the vehicle -bout its mass center c~:uses __ a 11n-
, ear moti~n ot the point in question. 
The effect of the· width has not been considered. till 
now since the magnitude Of the Frequenay Response -Function 1~. 
Reave, figure ( 18 ), doe·s not go to zero as the,value o.t Kz. 
• • ' < 
· . becomes large , as 1s the case for 11, • But rather. tor -~ 
.. 
- . 
. given value of H, th·e magnitude of the response. function 
, Jr 
os'c'illates l;,~.tw,en zero and ·a maxuum value as the va1ue of k'2... 
increases; th~ value of the width ,J..., ,'9n '_co~2 Kt• determines· 
the rate at which the cycle repeats 1 tself • s·111oe the var1~ · 
.. 
.:,, 
, .. ., • 19 • 
. ·· t1on ·in· .the H2. dimension ot the m&gnit.11de ot. the J'requency 
: .... :Response Function in. lr-eave .... depends entirely upon· the- sqU$r8. 
.. 
. ot a coa1ne term, we Qan determme an ideal vehicle width. only ~-
. ' 
-. 
·" 
when the Input· P .S .D .!._ Function ~~ tin~ te· at ail: poi~.$ __ ind ____ -___ :__ ------- --- ----· 
,:&.,)4•1lttl 
~ . 
.. becomes zero at a. (init·e value o'f rf~ •. ~ rt. ·the Input .P ·~-•P.-~ .. · ··: .. ··. 
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Function is that ot ·white no1s,_, it can. be- shown that· .. there 
' 
/ 
'· 
.. 
. . 
is no one value· for ~he wi~th which wil~ min1m1Z!- -~e ou~put: . . , 
all widths have ·the same· et:feot ·on the Ro·ot Mean Square Value. , 
:C-n our oase, the P.S.D. Function 1s a·runction of revoltit~on; 
and as a result, 1norder to determine the 11deai width', we 
~ ' ~ . . 
· must consider the. ~olume under the. surtaae of the Power .. Spectral 
.. 
. 
Density.Plot. ~1~ is due to the· tact that most of the ~olume,. 
exists at ralues . ~f / ~9,ss _ th~ . -~ _ • ·.. _. , . _ . · _ 
. _ · A poi~t tb!,t _ ~st be oonsidert before any oonolusiQr'3. 
can be drawn is the variable ef'f'ect of the factors( .5,) ana{~), 
. . 
as discussed. in art1o;Le lO_ •. Thee factors are important because 
a oha?lge 1n·them that· tends· to m1n1m1z~ the output response 1n 
. ~ - . ... 
a·cceleration may also· tend to increase the Qutput respo~se !:Ji 
translation or rotation. ·As· a. reiult the vehicle finally de.: 
.. 
signed will have to be a compromise unless· ~ne or- the outputs 
~ ~ 
mentioned 1s more important. than . the· .other .• , 
. · ·Alth~ ·when coiisidering thEi, response in acoel,:ration,,_ .. 
·,$: .. short vehicle may re~uce greatly the· ,ac.celeration outw.t. 
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'. / Power ._Spectral· ,Density Func_tion, a· longer. vehicle _will. decrease 
the. tunc~n etven more. ..Flf3tll'e. ( 19); aona·;ders the effect. ~o~. . 
.., 
- ! • ,. • V • •• 
• 
. . 
. 
the one dimensional, ·case •. · ~e P~-S •. D •. Function,· is equal to the 
.. 
· __ produ_ct ot the heave acceleration resp~~ tunction magni~ude 
tor .an input at one · · ot the supports-~- and the lengt~ etf ect -.. 
~ The dashed line · gives -- th~ 1ength . ef'-f'ect ot a .vehicle having. a 
' 
·six foot wheel base while the solid 11~ give the _length ettect 
-
.... ' . 
. 
for '!. vehicle having a two root wheel. base.. We have s-tated a-
.. ' 
- -
. 
- - . ... a . 
~ bove that a long wheel base . is necessary to m1n1m1;e the re-
..,.. 
~·· 
•. 
sponse in the trans1ational and rotational modes, particular-
• 
• 
l 
' ly at high spe,d:s. 4s the _speed increases, the· possib111 ty 
of I determi~ng a re~s·onabl~ ·length to keep the re:spc.,~es to a 
... 
,· ' 
minimum becomes impossib.le. ·For this ·reason, 1t. is believed 
that the vehicle should'.·be designed not tor the, minimization, 
.c)t the ··fiesponse but ·.rather for. the bounding of the ~espome. 
.. ... . 
-
. 
. 
. . . -
' 
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:4',n:,:way ·in: ·his paper ( reference 17- ) sets forth the following 
p~s.s·enger comfort limits whicl:1 might. be used &$ a basis for 
4~~,1'Jl1?.11ns· a de~ ign er~ teria· • 
low frequencies 
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Since the output 1s so· depend~lit on .the velocity and·· 
,•• -
,:the shape. of' the input p .~1lD. Function,. n~ g.eneral statenients . 
L, 
. . 
can be made; o~e~ than that there is a def1n1 te tren4 · t·oward 
a long wheel base. particularly at high speed. 
As tar as the v.,ehiole width is concerned, it the .P·.S, 
~· 
· .. D. is· or· ·the f'orm discussed. previously ( homoge~~o~s and isb-
• • - ' • 
' V • • • -
tropic), we can only say that 1:1; ~hould be larger than 2.8 
. . -. . . 
·-----··-----·--~· ... -· 
f'eet. The · exact value depe;nds· .. ~n . the vo1ume under the P .s .D. · 
. - ' 
surface. rn general, the ve;hl.cle i>ropo:rt.1ons .required to min• 
~ ' . . . 
iniize the given mod$ ~r m.~des ·. mua~ be determined· by plotting 
. 
·v.alue ot .. _ the Mean ~quare of :the Ou_tput for a given set .of' 
parameters vs •. the value of.· the paramet.er being 1varied ·• 
From the resulting ·ourv-ef r1SU.re 20_)_, ·tlle. value of the par~ 
meter whioh · gives a minimum :l'e_sp:o~se·· :in~y bfJ det.ermined~ 
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'-,_ J. APPENDIX - .i·. 
Oompµtaticme,l pto·c~edurt · 
... 
. . ; 
.. , 
.;1 !•. 1 
1·. •n1m1zat1on·. ot--he~vft, p~tch, and roll at. ma,s center to~ 
cat'··w1~ double s;zmmetr;y·. ~ _,, 
. ~ - . -
Decide-· what the maxi• pperat1o?1$-l speed will be- s·:tnce, 
-it the_ response is minimum- at thi·s speed,the response· at low~ 
.. I 
•t speeds ·will-usually:be less. 
:; ~---· ·' . ·.· 
.,,... ~- •, "''a) ~e· equ~t10n (4-1~· (42b), ·.or (43~ -~. aetermine the_ ; 
.;.., ;, plot of the Frequency ltespome Function; . similar to that sbom:i 
tn.,ft~ {1ai for the . desired parameters': 
· b )' -Using figure (14} and equation(~~ 
., • ,. ,._1 ..:.. 
cletermin~ ·-th~: Btitput ~ower Spectral Density Functie>n~ •. : .. 
- . ~ . 
. ~. .': 
··~.· 
. ·-;, 
··crt ·.:s·y· .nt1J11erical integration, d,termi~e the ·Mean .. ;·sq~:~:i,: 
of tne ·Qti~~ut as given by equatlon (23) '" 
!·'-·'· ••• 
--- '2. . 
.·}(±) ::: 
-~ :d.) Repeat the process f'or another :s:et- ot :Parameters~ .. 
.·. ,, 
't •• • 
... 
\ -
. -~~~;:,;;c,;:..~~~-:..::;.;;..,.~~~-~~'"'-'~(·"-_"i~:··'-.-_-_ .~_ ~n-;:;~~--~4-~~--- -~------:t---------··--'··.;.,;~~~:::;1;.;;;.,,:;.,. 0~.~ •• ,...,;. .. ,...,._...._.,.._..,.._...,.v,;~..,.._;~.---;;;;-~ ........ ;.~-=---:,.,;-.,.-;.·:~~----~,~---~-----:-:-·~--. .:.:...:. __ ,_ : ·. . · _ -
·. · ... -- - -:~·all. -par.a.meters remai1t th·e same · save one : ·,~-,-.-~~~7~~=--·--"'_--- ~ · ~ - --... -·-"-::=~·.-·-. . ·. 
. ·, : . . . . . . . . ·. ~- . . . 
. . . . 
e) Repeat step 'd' for other values··. of the, par$1Deter 
. . ~ 
r .. . 
being v.ariecl until enough p·o1nt~ are o~tained to plot a _ .... ·-·-
. . ·- . -1 
. --~-~~=~~~~-:--~--~---~---·--~--.-~ .. ~-:-.. -~----8~1-lar- .. :.to~--f-igur-e-(.ao) ... r .. --·-·--·-------~--· ------··-~-----·-·--:.----,·--·------,-------.,--------.-: •. -------·-·-·--------·- -----------·---. ,:~_ ::..1 
· t) When- one··. parameter has -been .~1n1·m1z.~c).., .we. rep.ea~ .: ··. 
the process. for the other. parameters:·~ :, ·:· , .. ~- .· . -- •. -
9 
. , 
·· In most caSes·. it -is ~~a~t_ic•i. to' us~ OJil.y .a. and~ as -
• • • _. ,::I 
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-the variable p' ~am~te;a-· ----~eep·lfl~ ~:- -- -- +. -:t1xed" 
. . ·. . ' ,· . '~ 'f,A A: 
-~~-.... : 
... _.:, ........ ' ~ -- 2. Accel@tat1ori~:.f·n·:hea.ve-,· pit9a,· and ;coll Qf' :the mass centft · 
.... 
. •• ;-
- - •. - ··- -
·. :· .- • • • . ·- • . - . , . 
- . 
- . • .. • .• '!'". • -·-
. . 
l 
·' The proceedure is the aame as the one· used above ex-
,. 
.. 
' 
c~pt that the _eq~ations {41a\ (42b&~d (43b) are multiplied by 
the t&ctor. {K,Vt',as ·shminin equation.(53) .. 
-~·- ~1splacemerit or·. uoi~t· .~:ther .th~ mass. center 
, . . 
In this case• -·the phase propertie_s of' the components 
. . 
. 
that make up the total r-esponse .at the _point __ in .question 
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